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(54) Polyethers and polysiloxane copolymers manufactured with double metal cyanide catalysts 

(57) The invention disdoses a new class of silicone 
surfactants and their use for the preparation of flexible 
urethane foam The surfac tants incorporate high molec- 
ular weight polyethers prepared with narrower molecu- 
lar weight distributions than conventional polyethers. 
These polyethers are prepared using a double metal 
cyanide (DMC) catalyst These surfactants are better 
foam stabilizers than the analogous surfact an t s pre* 
pared from conventional polyethers. 
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Descripti n 

BACKGROUND OF THE INVENTION 
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"f -*« >«* <* «r£nd SXJO^SXe^pSSSr 

SIEJESK !^S2?r ~ *?-» *>"». have a random olsw^on c. 

and subsequent addition of ethylene adde (eST™I3- .-St*^?! P 0 * - "™ <* conventional molecular weights 

SUMMARY OF THE INVENTION 

The present invention provides nonhydrolyzable Copolymer surfactants that offer good potency and which have the 
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generalized average formula M"D x D"yM" wherein 
NT represents (CH^SiO^ or RfCH^SiO^: 
5 D represents (C^kSD^; 

D M represents (CHaXRJSiOac; 

x is from about 40 to about 220; and y is from about 5 to about 34; 

10 

R are polyether-containing substituents obtained from a blend of at least two different polyethers selected from the 
following two groups: 

1) -C n ,H 2n ,0 ( c 2 H 4Q)a , ( c 3 H 6 0 )b , R*' moieties having average molecular masses above 3000 wherein the distri- 
75 button of -C2H4O- f EO") and-CsHgO- ("PO") groups is random wherein 

n" is 3-4; 

a' and b* are positive numbers such that 0 £ a7(a' + b*) s 0.6 ; 

20 

R" represents -K an altyi group of 1 -8 carbon atoms. -C(0)R"\ -C(0)OR m or -CtOJNHR^; 

R m represents a mono-functional alkyl or aryi group; the random block of EO/PO of said polyether having 
been produced using a double metal cyanide catalyst; and 

25 

2) -C n -H2n-0(C2H40) a -(C3H 6 0) b -R" moieties having average molecular masses in the range 300-4000 
wherein 

n" is 3-4; 

30 

a" and b" are independently 0 or a positive number such that the total molecular weight of the polyether is 
between 300 and 3000; and the R" and R w moieties are as defined above; 

wherein the blend average molecular weight of the polyethers is between 1 100-3000 and wherein there may 
35 be more than one polyether from either group, but at least one from the first group. 

" Moreover, the present invention teaches polyethers, and the making thereof, suitable for use in said surfactants. 

DETAILED DESCRIPTION OF THE INVENTION 

Advantages 

The use of very high molecular weight polyethers of good purity, i.e., allyl-terminated polyethers with a narrow 
molecular weight distribution, prepared with DMC catalysts to produce Copolymer surfactants with superior perform- 

45 ance is a major advantage of the present invention. In particular, polyethers produced with DMC using ally! or methalty! 
alcohol-based starters and/or with substantial amounts of PO in the alkylene oxide feed will contain less propenyl-ter- 
minated polyether contaminants than would be found with the standard processes. Since the propenyl-terminated pol- 
yethers are unreactive in the copolymer synthesis, they are undesirable and wasteful. Use of DMC-produced polyethers 
results in more efficient use of raw materials when these polyethers are used to produce copolymers. Additionally, the 

so resulting polyethers are much more uniform (i.e., narrow) in molecular weight distribution, having polydispersities of 1 .1 
to 1 .4 at molecular weights above 5000, which again avoids wasteful low molecular weight polyethers. 

Another advantage of the invention is elimination of the polyether purification step in which the alkoxylation catalyst 
must be removed from the crude polyether product A further advantage is that the siloxane-polyether copolymers have 
high molecular weight polyethers with narrower molecular weight distributions than can be achieved using conventional 

55 KOH process polyethers. Yet another advantage is the provision of very high potency surfactants for the stabilization of 
flexible polyurethane foams. Since the present invention allows employing lower surfactant use levels and the Copoly- 
mer product has a lower silicone content, this results in a substantial economic benefit 
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n-rr^L^Tr^ 9°^^ for herein ns * *>e general average formula MD-D-JT with x=40-145 v-5 0-23 and 

an aS^^£^^^ ntainin9 8 hydr ° silatable 0™* (•*• capping buS-started pcSy^ vI 
XT XJo^T?, f * hydros,latable moie «es in polyethers are well known in the art (examples indudrUS 

cwronowea Dy a Mock of PO .thin the polyether, nor any sections of the polyether particularly rich in EO or pn im^ 

bv J^JTS?* °!T UP * P^ 3 " 16 *«•" fe a Purred sub-group hat is composed of approximately 40% 

^^S^Zi^ -"TT ^ P0 ' yetherS ^ BAMW ^ <° 00 daltons^Se^e er^ 

Within the second group of polyethers there is a preferred sub-group that contains £20 % bv weinht po 
Method of Manufacture 

by cSZSS^? Copolymers are weD known. Typically, the surfactants are prepared 
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A second advantage of the DMC catalyst is that it does not promote allyHo-propenyl rearrangement in ally alcohol 
starter (the most preferred starter) as does KOH. DMC catalysis can, therefore, produce polyethers with molecular 
weights equal to. or much greater than, those that can be produced with KOH technology but without impurities. PO/EO 
blends containing up to 60% by weight EO are successfully copolymerized with DMC catalysis as a mixed feed in a sin- 
5 gle step and the monomers are added at a Known feed ratio so as to produce polyethers in which the monomer units 
are distributed in a random fashion at the same ratio as the monomer feed. With KOH catalysis and mixed EO/PO 
feeds, EO tends to react more quickly resulting in polyether chains that are EOrich proximal to the monol starter and 
POrich distally. Thus polyethers produced by DMC catalysis have a different monomer distribution from conventional 
poryethers. 

10 With mixed alkylene oxide feed to DMC catalyst, it is important to initiate ("activate") the catalyst with pure PO with 
at least two to four weight percent of the total PO to be fed to the reaction. Preferably this is done after mixing the cat- 
alyst and the starter alcohol. Once the catalyst has been initiated, the desired mixed feed of EO and PO can be started 
(up to 60% EO by weight). This results in a negligibly short PO block at the beginning (about 4 PO units) with the 
remaining material composed of randomly distributed EO and PO units. A continuous process could be accomplished 

75 by having a separate all-PO feed upstream to activate the catalyst and then mixed feed downstream where there is 
active catalyst after initiation. The reaction usually is run until the EO and PO are consumed. In the case of allyl alcohol 
starter, the polyethers, which are hydroxy end-capped, may then be capped with units such as methyl, acetoxy or t- 
butyl. Alternatively, a saturated monol such as n-butanol may be used as starter and the polyether sapped with an 
unsaturated unit, such as allyl or methallyl. 

20 It is important to use high quality raw materials free of contaminants (such as KOH or acetic anhydride) that may 
poison or otherwise interfere with the stability, activity, and selectivity of the hydrosilation catalyst However, DMC is 
nonreactive and does not need to be removed. Treatment of the crude polyethers with a neutralizing agent to remove 
KOH and in vacuo stripping after acetoxy capping are examples of routine processing steps to ensure that polyethers 
will be of acceptable hydrosilation reactivity. 

25 It has been found that some of the compositions of this invention have relatively high viscosities and are preferably 
dissolved in a lower viscosity vehicle prior to foam performance evaluations to achieve good and reproductole results. 
It is preferred to dilute the surfactant to about a viscosity of less than 2,000 certtistokes at 25°C. Typical diluents include 
saturated, polar, high boiling point polyols or polyethers. 

30 Use 

The surfactants of the invention are employed in the manufacture of pdyurethane foam in the manner known to the 
art which are generally made by reacting a mixture of (a) a polyether or polyester polyol containing an average of more 
than two hydroxy! groups per molecule; (b) an organic isocyanate having at least two isocyanate groups per molecule; 
3$ (c) at least one catalyst; (d) optionally, an auxiliary blowing agent such as methylene chloride; (e) water; and (f) a 
siloxane-oxyalkylene copolymer surfactant as defined hereinabove. 

The relative amounts of the various components of the foam formulation are not narrowly critical. The polyether or 
polyester polyol and isocyanate are present in a major amount and the relative amount of these two components is well 
known to the art. The blowing agent, catalyst, and surfactant are each present in a minor amount sufficient to foam the 
40 reaction mixture. The catalyst is present in a catalytic amount, i.e., that amount necessary to catalyze the reactions to 
produce the urethane at a reasonable rate, and the surfactant is present in an effective amount sufficient to stabilize the 
foam and achieve the properties desired, typically about 0.1 to 8 parts per hundred parts polyol (pphp), preferably 0.3 
to3pphp. 

The polyols which can be utilized in the present invention include, but ate not limited to, the following polyether poly- 
45 ols: (a) alkylene oxide adducts of polyhydroxyalkanes; (b) alkylene oxide adducts of non-reducing sugars and sugar 
derivatives; (c) alkylene oxide adducts of polyphenols; and (d) alkylene oxide adducts of polyarrdnes and polyhy- 
droxyamines. Alkylene oxides having two to four carbon atoms generally are employed, with propylene oxide, ethylene 
oxide and mixtures thereof bang particularly preferred. 

Any material having active hydrogens, as determined by the Zerewitinoff method, may be utilized to some extent 
so and therefore is included within the broad definition of the polyols. For example, amine-terminated polyether polyols, 
hydroxyl-terminated polybutadiene polyols and many others are known and may be used as a minor component in com- 
bination with the above-identified conventional polyether polyols. 

Generally, the polyol component should have an equivalent weight in the range of about 400 to about 1500 
grams/equivalent and an ethylene oxide content of less than 20%. Preferably the equivalent weight is in the range of 
55 about 500 to about 1300 grams/equivalent, and most preferably between about 750 and 1250 grams/equivalent The 
polyol or polyol blend should have an average hydroxy functionality of at least 2. The equivalent weight is determined 
from the measured hydroxy! number. The hydroxyl number is defined as the number of milligrams of potassium hydrox- 
ide required for the complete hydrolysis of the fully acetylated derivative prepared from one gram of polyol. The rela- 
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.5 pouSK^SrSTaJS! ST***? I?™*" *-" I" accordance »*h this tannlb. » organic » 
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foamTo^r^ E?7" -° SL"!? iS depend6rt UP0 " 1,16 index of *» m desired and the final properties of the 

and 1 15; and most preferably the range SSSTSw " 6 * ^ * ^ ' S b *- ,n 80 

at atoSTS !l e nniT e l b,0Wir !? a S ent> to Pr0duce Cart)on ***** ** taction with isocyanate. Water should be used 
SelSJh £22£!K 1 Z£^2S$» ^ Preferab '. y betW6en 2 and 1 0 SS^t fc-mS!^^ 

d.mettiylarninoethy1) ether and amilar compounds that are well known to the art. 1 

Examples 
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0.7 and 1.0 pphp. Customary levels are 1-3 pphp and high levels are greater than 3 pphp. In general, high and flat 
breathability performance are preferred. 

The compounds designated as L-620, DC-5160 and B-8021 are Copolymer surfactants available from Witco Corp., 
OrganoSilicones Group, Dow Corning Chemical Company of Midland, Ml and Th. Qoldschmidt Company of Germany, 
respectively. L-620 and DC-5160 are non-hydrolyzable and B-8021 is hydroiyzabte and alkoxy end-blocked. 

Blowing agent U-11 is CCI 3 F. ARCOL® polyol 16-56 is a commercial product of ARCO Company, Inc., and has 
CAS Reg. No. 9082-00-2. Toluene diisocyanate (TDI) was a mixture of approximately 80% of the 2,4- isomer and 20% 
of the 2,6- isomer, and was used in excess. MAX® catalyst A-200 is commercially available from Witco Corp., Organo- 
Silicones Group, and is a mixture of tertiary amines and a glycol. 

Preparation of Hioh Molecular Weight Monols using a Double Metal Cyanide Catalyst 

Since ally! alcohol is very toxic, a propoxyiated derivative such as APPG-200 (allyl alcohol capped with approxi- 
mately 3 PO units, commercially available from Union Carbide Corp.) can also be used as the starter, especially in lab 
scale experiments where attention to the toxicity may be more critical. APPG-200 (8.9 g) and 12 mL heptane were 
charged to a 500 mL autoclave. Zinc hexacyanocobartate/glyme complex (0.071 g) was added and the reactor flushed 
3 times with nitrogen to remove air. The mixture was heated to 105°C, excess pressure was vented, PO (10g) was 
charged, and the mixture stirred until a drop in pressure indicated catalyst activation. A blend of PO and EO (containing 
204.6g PO and 136.4g EO) was fed into the reactor at a rate to maintain the pressure below 50 psig. The resulting pol- 
yether was subjected to a vacuum strip to remove any unreacted alkylene oxides. The product had a viscosity of 5700 
cSt (@25°C), hydroxy! number 7.8 mg KOH/g, and unsaturation 0.1 1 5 meq/g (approximate molecular weight 8000 dal- 
tons). 

Preparation pf MDJT^M SMrfrptanft 

A typical preparation proceeded as follows: A flask fitted with a mechanical stirrer, a reflux condenser, and a ther- 
mometer was charged under positive nitrogen pressure with the desired MD x D*yM fluid, blend of polyethers, and scrfvent 
(if used). BHT (0.6g, 0.1 w/w%) and, where indicated, buffer (sodium propionate) was added, the mixture was stirred 
and heated to 80°C, and an ethanol solution of hexachloroplatinic acid (25 ppm Pt) was added. An exotherm of 5-1 5°C 
ensued, after which the reaction was allowed to proceed for approximately 40 minutes. Any volatile solvents or by-prod- 
ucts were removed under vacuum, and the resulting copolymer product was cooled to room temperature, and optionally 
neutralized with sodium bicarbonate or tertiary amines (if acidic). Table 1 gives exact raw material charges for each 
copolymer. Examples 1-3 employ polyethers with molecular weights similar to those used in prior art but prepared via 
DMC catalysis. This allows a direct comparison with conventional technology (designated as the Control in Table 4) 
which was prepared via the above procedure using conventional KOH-process polyethers. 
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Table 1: S pecifics of Surfactant Syntheses 
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15 



20 



25 



Copolymer 




Number 


Polvether ID 


T 






APEG550Ae 


2 






APEGSSOAr 


3 


•H/iWfUUUMC 




APFG5S0Af* 


4 


•iurtMOUUUAC 




APEGSSQAc 


5 


^nUAl 4 AAA A — 

^UMAi2,OO0Ac 




APEGSSOAr 


6 


40HA8000AC 




APEGSSOAc 


7 


40HAfi00OAr 


8 


APEG550AC 


40HA8000Ac 




APEG550AC 


9 


40HA8000tBu-Magn. 




APEGSSOlBu 




Poiyether Diluent 


10 


40HA80001BU 




APEGSSOlBu 




Polyether Diluent 



Wt(g) 


BAMWft 


27.0 


1200 


18.5 




47.0 


1500 


19.3 




55.0 


1800 


15.0 




24.9 


1200 


20.6 




2425 


1200 


21.3 




33.8 


1800 


12.9 




22.4 


1200 


18.5 




28.9 


1500 


152 




26.3 


1300 


20.3 




122 




262 


1300 


20.3 




122 





SiH Fluid 
_ (wt in g) 

^D100D16.7M 
15.0 

MDB5DT.7M 
. 24.0 

MD65D7.7M 
212 

MD100D16.7M 
15.0 

MD100D*16.7M 

15.0 
MDS5D7.7M 
14.1 

MD65D7.7M 
• 1S.5 
MD65D7.7M 
16.0 

M0100D'16.7M 
142 

MD100D'16.7M 
142 



Comments 

High Viscosity 



High Viscosity 



750ppm NaPro added prior 
to hydrosilation 

750ppm NaPro added prior 
to hydrosilation 
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10 



11 


40HA8000tBu 


24.4 




APEGSSQtBu-Magn. 


21.1 




Polyether Diluent 


12.2 




dflHAftOOOtBu • 


27.0 




APEGSSQtBu-Maan. 


19.6 




Polyether Diluent 


12.2 


13 


40HA8000tBu 


26.3 




APEGSSOtBu 


20.3 


14 


40HA8000tSu-Magn. 


17.35 




APEG550iBu-Magn. 


13.4 


IS 


40HA6000£u 


27.0 




APEG550tBu 


19.6 


16 


40HA6000tBu 


27.0 




APEGSSOtBu-Magn. 


15.5 




APEG550tBu 


4.1 


17- 


- 40HA6000AC 


51.1 




APEG550AC 


39.9 


18 


40HA1 0.000 Ac 


49.0 




APEG550AC 


42.0 


19 


55HAS000AC 


51.1 




APEG550AC 


39.9 


20 


55HA10.000AC 


49.0 




APEG550AC 


42.0 


21 


40HA8000AC 


41.1 




APEGS50AC 


28.7 


22 


40HA8000AC 


22.4 




APEG550AC 


18£ 




Polyether Diluent 


115 


23 


40HA8000AC 


24.75 




APEG550AC 


17.35 




Polyether Diluent 


115 


24 


40HA8000AC 


30.65 




APEG550AC 


14.4 




Polyether Diluent 


12.1 


25 


40HA8000AC 


275 




APEG550AC 


15.8 




Polyether Diluent 


12.0 


26 


40HA8000AC 


33.1 




APEG550AC 


13.2 




Polyether Diluent 


12.2 


27 


40HA10.000AC 


118.6 




AP£G550Ac" 


26.3 




40HA1500AC* 


92.8 




Toluene 


48 


28 


40HA4.000AC* 
APEGS50Ac" 
4OHA1S00AC* 
Polyether Diluent (20%) 





1200 


MD100D'16.7M 


750ppm NaPro added prior 




15.0 


to hydrosilation 


• 

1300 


MD1 000*1 6.7M 


750ppm NaPro added prior 




14.2 


to hydrosilation 


1300 


MD100D'16.7M 


No MAGNESOL Treatment. 




14.2 




1300 


MD100D*16.7M 


Both polyethers subjected to 




9.35 


MAGNESOL Treatment. 


1300 


MDIOOD'ie.TM 


No Magnesol Treatment 




14.2 


1300 


MD100D'16.7M 


Low MWt polyether 




14.2 


subjected to MAGNESOL 






Treatment 


1200 


MD100D , 16.7M 






30.0 




1200 


MD100D*16.7M 






30.0 




1200 


MD100D16.7M 






30.0 




1200 


MD100D'16.7M 






30.0 




1300 


MD100D16.7M 


Product separated into two 




21.25 


phases. 


1200 


MD65DV.7M 






18.5 




1300 


MD65D*7.7M 






17.6 





1600 MD65D7.7M 
15.3 

1450 MD65D7.7M 
16.3 

1750 MD65DY.7M 
14.3 

1955 MD65DT.7M ^Prepared via KOH 

52.7 technology.(Comparative) 



1400 MD85D7.7M Control: similar to #27 with . 

all PE prepared via KOH 
technology; same number of 
moles of each polyether. 
(Comparative) 



55 



9 



EP 0 822 218 A2 



a) 
b) 
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BAMW of the terminally unsaturated polyethers. excluding retained solvents or diluents. 
Components of polyether blend used in synthesis of surfactant Symbolism- Initial 
number followed by H Indicates nominal percentage of EO residues in a poiyether based 
on EO and PO; letter A Indicates polyether Is aJlyl alcohol-started; numbers followina 
capital letter indicate nominal molecular weight of the polyether letters -Ac -t-8u 
Indicate acetoxy and t-butyl capping, respectively; APEG stands for alJyl-started 
polyethylene glycol. Unless otherwise indicated, AP£G-550Ac was produced via KOh 
process then ion exchanged to remove KOH prior to being acetoxy^ped^all other 
polyethers were capped as received. "Magn." Indicates the polyetheVwas MAgSeIdl® 
treated pnor to use. "NaPro" indicates sodium propionate buffer kSOL 



is 



so 



25 



30 



35 



0 5 a of NIAX® LtTZrfo^T 1 r^J™ 00 ***** ^'ne^ater premix (containing 13.75 g of water and 

was started and the mixture was stirred for fl S»2tl£ JZ „ ™ L) *° the reacbon A timer 

additional seven seWno? TrT^I™ ♦! ^? before """a 80/20 ™ fl 73-6 g) with continuous stirring for an 

often ncrtexarrinLS 
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Polyurethane Foam Test Formulation A 


Material 


pphp (wt) 


NIAX® Polyol 16-56 


100 


Distilled water 


5.5 


NIAX® Catalyst A-200 


0.2 


Methylene chloride 


10.0 


Stannous octoate 


0.23 


TDI 


69.44 


Surfactant 


varied 8 



• • wwm iioji iii ly uuir 

ent were evaluated such thai the con- 
tained copolymer was the same as 
other materials f pphp' m Tables 3 
and 4 refers to contained copolymer). 



Table 3 shows a comparison of Copolymer No. 4 against severe, current* available commercial products and a 
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Control which represents a Copolymer with the same nominal structure as Copolymer 4 except with polyethers gener- 
ated via conventional KOH technology so that the EO and PO therein are not randomly distributed. Copolymer 4 exhib- 
ited clearly higher rise with equal or superior breathability performance. Copolymer 4 continued to exhibit good 
performance below 0.5 pphp, well below the normal range where prior art commercial materials (usually utilized above 
0.7 pphp) have foiled. Even as low as 0.3 pphp Copolymer 4 exhibited excellent rise performance (the foam structure 
began to deteriorate indicating that lower use levels will likely give failure). It can be clearly seen that the present inven- 
tion gives superior rise performance and Shows higher potency than the prior art 

Table 3 



Competitive Foam Test Results (Formulation A). 



Run 


Copolymer ID 


pphp 


Rise (cm) 


%TC 


AF 


Str 


Comments 


1 


4 


1.25 


41.2. 


1.7 


7.0 


M 




■■ * 


Control 


1.25 


39.8 


1.2 


6.3 


NR 






L-620 


1.25 


39.3 


1.8 


3.6 


NR 




*■ ■ 


GS-I 


1.25 


39.3 


2.3 


6.3 


NR 






DC-1 


1.6 


39.3 


2.4 


5.5 


NR 






L-620 


0.85 


38.6. 


3.6 


4.7 


NR 






GS-I 


0.85 


36.8 


7.3 


6.6 


NR 




2 


Example 4 


0.7 


40.5 


2.5 


6.7 


M 






Control 


0.7 


38.1 


2.6 


6.0 


NR 






L-620 


0.7 


38.2 


ND 


5.1 


NR 






GS-I 


0.7 


Collapsed 








Failure 




DC-1 


0.6 


37.1 


6.7 


6.0 


NR 




3 


Example 4 


0.5 


40.2 


3J2 


6.3 


C 






Control 


0.5 


38.3 


3.4 


6.3 


NR 






Lr620 


0.5 


37.3 


6.7 


6.6 


NR 






DC-1 


0.5 


Collapsed 








Failure 


4 


Example 4 


0.4 


40.1 


3.1 


3.3 


C 






Control 


0.4 


38.0 


3.4 


6.8 


NR 






L-620 


0.4 


36.3 


4.1 


5.5 


NR 


Near Failure 


5 


Example 4 


0.3 


39.6 


8.6 


0.9 


C 


Still potent 



NR=Not Reported; ND= Not determined. 

%TC«Percerrt top collapse; AF«breathabilrty (Nopco airflow units). 
Str=cell structure; F=Fine, M=Medium, C=Coarse. 



The breadth of the present invention is demonstrated by the Copolymers described above as evaluated in Table 4. 
Copolymers 1 -8 demonstrate that proper manipulation of silicone architecture and polyether blend will produce copol- 
ymers with outstanding performance with a range of rise and, in many cases, flat breathabilities (a desirable feature). 
Repeat evaluation of Example 2 several days later gave essentially identical results. Copolymers 9-16 demonstrate pol- 
yethers capped with a non-polar moiety such as t-butyi-group are as effective as acetoxy-capped polyethers. 

Since MAGNESOL® treatment is frequently used for conventional KOH technology, the impact of this treatment 
was tested and no advantages were found in the foam performance. Pre-catalysis buffering with sodium propionate 
also was found not to be necessary to obtain excellent performance. 

Copolymer 21 exhibited phase separation presumably due to sluggish reactivity and side reactions. The effects of 
this problem can be mediated by blending with diluent to achieve a more homogeneous material (note improved rise 
performance upon dilution). Adding the diluent prior to catalysis insures lower reaction mix viscosity as well as improv- 
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Claims 

1 . A surfactant that has the generalized average formula WD x D"fJr wherein 
represents (CH3) 3 SiO iy2 or R(CH3) 2 SiO^; 
D represents (CH^SO^; 

D w represents (CH3)(R)SiO M ; 

x is from about 40 to about 220; and y is from about 5 to about 34; 

^e^f^T^^^'^ "S^ havin9 avera9e molecular masses 3000 daltons 

where,n the distr.but.on of -C^O-and -C^O- groups is random (or contains a random block) S 

n' is 3-4; 

a' and b' are positive numbers such 0 i a7(a' + b)s0.6; 

R" represents -H. an alkyl group of 1-8 carbon atoms. -C(0)R™. -C(0)OR" or -C(0)NHR"\- 

inoK^f 56 ^, 5 m ° no - ftjnctional a,kvl or aryl groups; the random blockof EO/PO of said polyether hav- 
ing been produced using a double metal cyanide catalyst; and P°'yemer hav- 
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2) -C n «H2 n -0(C2H 4 0) a -(C3H60) b -R M moieties having average molecular masses in the range 300-3000 
daltons wherein 

n"is3-4; 

a" and b M are independently 0 or a positive number such that the total molecular weight of the poly- 
ether is 300 to 3000 daltons; and R" and FT moieties are as defined above; 

wherein of the two different polyethers, at least one is selected from group (1) polyethers and the blend 
average molecular weight of the polyethers is between 1 1 00 and 3000 daltons. 

2. A surfactant according to claim 1 wherein the polyethers have blend average molecular weight of 1 100-2100. 

3. A surfactant according to claim 1 wherein D:(D*+M^<1 0:1 . 

4. A surfactant according to claim 1 wherein x « 65 - 135 and y = 7 to 22. 

5. A surfactant according to claim 1 wherein the molar ratio of the first group of polyethers to the second group of pol- 
yethers is between 0.8 and 2.5. 

6. A surfactant according to claim 1 containing at least three different R groups. 

7. A surfactant according to claim 1 additionaOy comprising a diluent in an amount so that the viscosity of the sur- 
factant is less than 2,000 centistokes at 25°C. 

8- A surfactant according to claim 1 wherein the double metal cyanide catalyst is 2n 3 [Co(CNI)6]2-x f ZnCl2-y*(alcohol)- 
z't-^O) wherein (alcohol) is glyme or t-butand. 

9. A process for making polyurethane foam comprising reacting a mixture of (a) a polyether or polyester polyol con- 
taining an average of more than two hydroxy! groups per molecule; (b) an organic isocyanate having at least two 
isocyanate groups per molecule; (c) at least one catalyst; (d) optionally, an auxiliary blowing agent; (e) water; and 
(0 a surfactant as defined in claim 1. 

1 0. A process according to claim 9 wherein the polyether-containing substituents on said surfactant have blend aver- 
age molecular weight of 1 1 00-21 00. 

11. A process according to daim 9 wherein D:(D"+M")<10:1. 

1 2. A process according to claim 9 wherein x ■ 65 - 1 35 and y ■ 7 to 22. 

1 3. A process according to claim 9 wherein the molar ratio of the first group of polyethers to the second group of poly- 
ethers is between 0.8 and 2.5. 

14. A process according to daim 9 wherein the surfactant contains at least three different R groups. 

15. A process according to daim 9 wherein the surfactant additionally comprises a diluent in an amount so that the vis- 
cosity of the surfactant is less than 2,000 centistokes at 25°C. 

16. A process according to claim 9 wherein the double metal cyanide catalyst is ZnsfCotCNOsk-xTnCk-yXalcoho!)- 
z'H 2 0) wherein (alcohol) is glyme or t-butand. 

17. Polyurethane foam produced by the process of daim 9. 

18. Polyurethane foam produced by the process of daim 10. 

19. Polyurethane foam produced by the process of daim 11. 

20. Polyurethane foam produced by the process of daim 12. 
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21. Polyurethane foam produced by the process of claim 13. 

22. Polyurethane foam produced by the process of claim 1 4. 
s 23. Polyurethane foam produced by the process of claim 1 5. 

24. Polyurethane foam produced by the process of claim 1 6. 
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